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5HGILHOGUDWLRDERXW13LQGLFDWHVWKHDWRPLFUDWLRRIWKHDYHUDJHHOHPHQWDOFRPSRVLWLRQRISK\WRSODQNWRQˈDQG
WKH LQLWLDO UDWLR RI UHVRXUFH DYDLODELOLW\ LQ D V\VWHP SURYLGHV WKH FDSDFLW\ WR VXSSRUW DOJDH ELRPDVV )LHOG DQG
ODERUDWRU\ VWXGLHV IRFXVLQJ RQ WKH QDWXUDO DTXDWLF HQYLURQPHQW ZLWKRXW GLVWXUEDQFH REWDLQ UHJXODU JURZWK RI
0LFURF\VWLVDHUXJLQRVDZLWKYDULHG5HGILHOGUDWLRV+RZHYHUZKHWKHUWKHUHDUHVLPLODUUXOHVRI0DHUXJLQRVDXQGHU
VHYHUHO\ GLVWXUELQJ FRQGLWLRQV UHPDLQV XQFOHDU ,Q WKLV VWXG\ ZH UHSRUWHG WKH JURZWK RI 0 DHUXJLQRVD XQGHU
FRQGLWLRQVZLWKH[FHVVLYHLQSXWRIQLWURJHQDQGSKRVSKRUXVZKLFKPD\VHUYHDVFOXHVWRWKHFRQWURORI0DHUXJLQRVD
EORRPLQJ*URZWKRI0DHUXJLQRVDZDVPRQLWRUHGLQVHPLFRQWLQXRXVFXOWXUHVZLWKDEXQGDQWVXSSO\RIQLWURJHQDQG
SKRVSKRUXV(IIHFWRIQLWURJHQSKRVSKRUXVDQGWKHLUUDWLRRQJURZWKRI0DHUXJLQRVDZDVH[DPLQHGDQGWKHXSWDNH
RIQLWURJHQDQGSKRVSKRUXVXQGHUGLIIHUHQWQXWULHQWFRQGLWLRQVZDVFRPSDUHG7KHHIIHFWRI13UDWLRGHSHQGHGRQ
WKHFRQFHQWUDWLRQRIQLWURJHQDQGSKRVSKRUXV:KHQLQLWLDOQLWURJHQFRQFHQWUDWLRQZDVDWPJODQGWKH13UDWLR
RIWKHDOJDHJURZWKGLVSOD\HGWKHKLJKHVWPD[LPXPFHOO\LHOGDQGWKHORQJHVWH[SRQHQWLDOJURZWK7KHPD[LPXP
XSWDNHRIQLWURJHQDQGSKRVSKRUXVUHDFKHGDWWKH13UDWLRRIFRQVLVWHQWWRWKHPD[LPXP\LHOG2QWKHRWKHUKDQG
ZKHQ LQLWLDO SKRVSKRUXV FRQFHQWUDWLRQ ZDV DURXQG  PJ O WKH KLJKHVW PD[LPXP FHOO \LHOG DQG WKH ORQJHVW
H[SRQHQWLDOJURZWKRFFXUUHGDWWKH13UDWLRRI7KHUDWLRRIDOVRIDYRUHGWKHXSWDNHRISKRVSKRUXVZKLOHWKH
XSWDNHRIQLWURJHQLQFUHDVHGZLWKWKHLQFUHDVHRIQLWURJHQFRQFHQWUDWLRQ 

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@

.H\ZRUGV1LWURJHQSKRVSKRUXV0LFURF\VWLVDHUXJLQRVDDOJDOJURZWK13UDWLR
,QWURGXFWLRQ
0LFURF\VWLV DHUXJLQRVD LV D QRWRULRXV F\QREDFWHULXP WKDW IUHTXHQWO\ RFFXUV DV QR[LRXV EORRPV LQ
HXWURSKLFIUHVKZDWHUV,WLVRIPDMRUFRQFHUQEHFDXVHPDQ\VWUDLQVSURGXFHPLFURF\VWLQV7KHEORRPRI0
DHUXJLQRVD LQ QDWXUDO HQYLURQPHQW KDV EHHQ DVVRFLDWHG ZLWK D YDULHW\ RI IDFWRUV VXFK DV OLJKW >@
WHPSHUDWXUH >@ WXUEXOHQFH >@ DQG QXWULHQW >@ 6WRLFKLRPHWU\ LV ZLGHO\ XVHG WR GHVFULEH WKH
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SK\VLFRHFRORJLFDO SURFHVV LQ DTXDWLF HQYLURQPHQW 7KH LPSUHVVLYH 5HGILHOG UDWLR DERXW 13
LQGLFDWLQJWKHDWRPLFUDWLRRIWKHDYHUDJHHOHPHQWDOFRPSRVLWLRQRISK\WRSODQNWRQ>@LVRIWHQXVHGDVDQ
LQGLFDWRURI1DQG3OLPLWDWLRQ'XULQJWKHSDVWVL[W\\HDUVQXPHURXVVWXGLHVKDYHIRFXVHGRQWKHHIIHFW
RIQLWURJHQSKRVSKRUXVDQGWKHLUUDWLRVRQJURZWKRIF\QREDFWHULDVSHFLHVDQGWULHGWRILQGDQLQGLFDWRULQ
SUHGLFWLQJ DOJDO EORRP%DVHG RQ5HGILHOG UDWLR WKH LQLWLDO UDWLRV RI UHVRXUFH DYDLODELOLW\ LV WKRXJKW WR
SURYLGHDYDOXDEOHLQGLFDWLRQRIWKHFDSDFLW\RIDV\VWHPWRVXSSRUWDOJDHELRPDVV7KRXJKWKH5HGILHOG
UDWLR KDV VKRZQ WR YDU\ FRQVLGHUDEO\ GHSHQGLQJ RQ WKH DOJDO VSHFLHV DQG VXUURXQGLQJ HQYLURQPHQWDO
FRQGLWLRQV >@ VRPH VWXGLHV LQGLFDWHG DOJDH OLNH F\QREDFWHULD UHVSRQG PRUH LQWHQVHO\ WR UHODWLYH
TXDQWLWLHVRIWKDQWRDEVROXWHFRQFHQWUDWLRQVRIQXWULHQWVRXUFH>@5HGILHOGSURSRVHGWKHUHVRXUFHUDWLR
ZLWKRXW UHJDUG WR WKHFRQFHQWUDWLRQRI UHVRXUFHEXWKH WKRXJKW LQRUJDQLFQLWURJHQ LQVXIILFLHQF\FDQEH
FRPSHQVDWHGE\QLWURJHQIL[DWLRQDQGSKRVSKDWHLV WKHQXWULHQW WKDWFRQVWUDLQVWKHRFHDQLFSURGXFWLYLW\
&RQVLVWHQW ZLWK WKLV PDQ\ H[SHULPHQWV SURYHG WKH ORZ UDWLR RI 1 WR 3 IDYRUHG WKH GHYHORSPHQW RI
F\DQREDFWHULD>@2QWKHRWKHUKDQGWR5H\QROGV¶YLHZZKHWKHURUQRWWKHGRPLQDQFHRIF\DQREDFWHULD
LVSURPRWHGE\ORZ13UDWLRDQGWKHUROHRI13UDWLRDVDQLQGHSHQGHQWIDFWRUUHJXODWLQJSK\WRSODQNWRQ
FRPPXQLW\ DUH VWLOO XQGHU GLVFXVVLRQ >@ 7KHRUHWLFDO H[SODQDWLRQ IRU 5HGILHOG UDWLR UHPDLQV REVFXUH
5HGILHOG WKRXJKW WKH UDWLR VLPLODULW\ LQGLFDWHV D ELRJHQLF XQLYHUVDO UXOH 7KH FRUUHODWLRQ EHWZHHQ WKH
UHVRXUFHUDWLRDQGWKHJURZWKRIDOJDHZDVFRQQHFWHGZLWKWKHELRORJLFDOFRQVWUDLQHGUDWLRRIQXFOHLFDFLGV
DQGSURWHLQVLQXQLFHOOXODURUJDQLVP>@
%\QRZPDQ\VWXGLHVDERXWWKHHIIHFWRIQLWURJHQSKRVSKRUXVDQGWKHLUUDWLRVRQWKHJURZWKRIDOJDHKDYH
IRFXVHG RQ WKH QDWXUDO HQYLURQPHQW ZLWKRXW GLVWXUEDQFH ,W VKRXOG EH QRWHG WKDW LQ VRPH DUHD GXULQJ
VHYHUHEOXHDOJDHEORRPRFFXUUHGWKHFRQFHQWUDWLRQRIWKHWRWDOQLWURJHQDQGSKRVSKRUXVKDVLQFUHDVHGWR
D VWDUWOLQJYDOXH)RU LQVWDQFH LQ ZKHQ0DHUXJLQRVDEORRPHG LQ7DLKX/DNH&KLQD WKHPHDQ
FRQFHQWUDWLRQRI71LQFUHDVHGWRPJO>@DQGLQVRPHDUHDWKHYDOXHGHWHFWHGWREHHYHQKLJKHU
>@ ,W ZDV LQGLFDWHG H[FHVVLYH LQSXW RI QLWURJHQ SKRVSKRUXV FRXOG UHQGHU WKH EORRPLQJ RI DOJDH
YLROHQWO\5H\QROGVWKRXJKWZKHQQLWURJHQDQGSKRVSKRUXVFRQFHQWUDWLRQVPHHWWKRVHQHFHVVDU\WRVDWLVI\
JURZWKWKHUHZRXOGEHQROLPLWDWLRQDQGWKHUDWLRZRXOGQRWH[HUWDUHJXODWRU\UROH>@7KXVZKHWKHU
WKHUH LV D JURZWK OLPLWDWLRQ DQG DQ RSWLPXP UDWLR XQGHU WKH HQYLURQPHQW ZLWK DEXQGDQW QLWURJHQ DQG
SKRVSKRUXVDURXVHVRXULQWHUHVW
,Q WKLV SDSHU ZH PRQLWRUHG WKH JURZWK RI 0 DHUXJLQRVD XQGHU VXIILFLHQW VXSS\ RI QLWURJHQ DQG
SKRVSKRUXV7KHSXUSRVHRIRXUVWXG\ZDVWRH[DPLQHWKHHIIHFWRIQLWURJHQSKRVSKRUXVDQGWKHLUUDWLRRQ
JURZWK RI0 DHUXJLQRVD DQG WKH SUHVHQFH RI DQ RSWLPXP UDWLR IRU JURZWK ZLWK DEXQGDQW VXSSO\ RI
QLWURJHQDQGSKRVSKRUXV 
0DWHULDOVDQGPHWKRGV
0LFURF\VWLVDHUXJLQRVDDQGFXOWXUHV 
$Q D[HQLF VWUDLQ RI 0 DHUXJLQRVD )$&+%  ZDV REWDLQHG IURP WKH &XOWXUH &ROOHFWLRQV RI WKH
)UHVKZDWHU$OJDHRI WKH ,QVWLWXWH+\GURELRORJ\˄)$&+%&ROOHFWLRQ:XKDQ&KLQD0DHUXJLQRVD
ZDVFXOWXUHGLQVWHULOL]HG%*PHGLXP>@DWDQLQFXEDWLRQWHPSHUDWXUHRI&DQGOLJKWLQWHQVLW\
RI±ZFPRISKRWRQVZLWKDOLJKWGDUNF\FOH
([SHULPHQWDOGHVLJQ 
7KHVHPLFRQWLQXRXVFXOWXUHH[SHULPHQWVZHUHSHUIRUPHGLQWKHPRGLILHG%*PHGLXPZLWKDGLOXWLRQ
UDWHRIDURXQGG±  0DHUXJLQRVDZDVIHGZLWKPOQLWURJHQDQGSKRVSKRUXVIUHH%*PHGLXP
DQG ZLWK 1D12 DQG .+32 DV WKH VXSSOHPHQWHG QLWURJHQ DQG SKRVSKRUXV UHVRXUFH LQ WKH  PO
(UOHQPH\HUIODVNV7KHFRQFHQWUDWLRQVRIQLWURJHQDQGSKRVSKRUXVLQDOOFXOWXUHVDUHOLVWHGLQ7DEOH$OO
VDPSOHVZHUHSHUIRUPHGLQGXSOLFDWH&XOWXUHVLQH[SRQHQWLDOSKDVHZHUHFRQFHQWUDWHGE\FHQWULIXJDWLRQ
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
DQG ZDVKHG WKUHH WLPHV ZLWK VWHULOH GLVWLOOHG ZDWHU DQG XVHG IRU LQRFXODWLRQ ,QLWLDO DOJDH FHOO
FRQFHQWUDWLRQZDVDUUDQJHGDVPO$IWHULQRFXODWLRQDWJLYHQWLPHVGXULQJFHOOJURZWKDQGDWGD\
LQWHUYDOVVDPSOHVZHUHDVHSWLFDOO\UHPRYHGIRUIXUWKHUDQDO\VLV
7DEOH7KHFRQFHQWUDWLRQRIQLWURJHQDQGSKRVSKRUXVLQWKHWHVWJURXS
$QDO\WLFDOPHWKRGDQGJURZWKPHDVXUHPHQW 
&HOO QXPEHUV ZHUH FRXQWHG GLUHFWO\ XVLQJ DQ 2O\PSXV %/ PLFURVFRSH DW IROG PDJQLILFDWLRQ
1LWUDWHZDVGHWHUPLQHGE\D8VSHFWURSKRWRPHWHU +LWDFKL -DSDQDQGSKRVSKDWHZDVDVVD\HGE\
WKH PRO\EGHQXP±DQWLPRQ\ DQWLVSHFWURSKRWRPHWULF PHWKRG ZKLFK ZHUH GHVFULEHG LQ PRQLWRULQJ DQG
GHWHUPLQDWLRQPHWKRGVIRUZDWHUDQGZDVWHZDWHU>@
5HVXOWV
(IIHFWRISKRVSKRUXVFRQFHQWUDWLRQRQWKHJURZWKRI0DHUXJLQRVDDWGLIIHUHQW13UDWLRV*URZWK
RI0 DHUXJLQRVD VKRZHG GLYHUVH WUHQGV ZLWK UHVSHFW WR WKH GLIIHUHQW 13 UDWLRV ZKHQ LQLWLDO QLWURJHQ
FRQFHQWUDWLRQZDVDWPJO)LJ:KHQWKHFRQFHQWUDWLRQRISKRVSKRUXVZDVKLJKHUWKDQPJO
ZLWK UHODWLYHO\ DEXQGDQW QLWURJHQ VXSSO\ WKH JURZWK OHYHO WHQGHG WR LQFUHDVH ZLWK WKH LQFUHDVH RI
SKRVSKRUXV FRQFHQWUDWLRQ +RZHYHU WKLV WHQGHQF\ HQGHG ZLWK DQ XSSHU SKRVSKRUXV FRQFHQWUDWLRQ DV
KLJKSKRVSKRUXVFRQFHQWUDWLRQRIPJ O 13 UDWLRRIFRQWULEXWHV LGHQWLFDOO\ WR WKHJURZWKDV
ZHOO DV ORZ FRQFHQWUDWLRQ RI PJ O 13 UDWLR RI   WKRXJK WKHLU H[SRQHQWLDO JURZWK SHUVLVWHG
GLIIHUHQWO\$W WKH13 UDWLR RI  WKH DOJDH JURZWK GLVSOD\HG VLJQLILFDQWO\ WKH KLJKHVWPD[LPXP FHOO
\LHOGDQGWKHORQJHVWH[SRQHQWLDOJURZWK7KHPD[LPXPFHOO\LHOGZDVPRUHWKDQWLPHVWKDQWKRVHDW
RWKHU13UDWLRV+LJK13UDWLRRIZDVGLVDGYDQWDJHWRWKHDOJDHJURZWK 

)LJ7LPHFRXUVHVRI0DHUXJLQRVDXQGHULQLWLDOQLWURJHQRIPJODWGLIIHUHQWUHVRXUFHUDWLRV13RIƑ13RIŶ13
RIŸ13RIżDQG13RIƔ'DWDDUHWKHPHDQRILQGHSHQGHQWGXSOLFDWHV
 $ $ $ $ $ % % % % %
1PJO          
3PJO          
130RODU          
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     
$IWHUGWKHGDLO\XSWDNHRIQLWURJHQDQGSKRVSKRUXVZDVFRXQWHGXSDQGWKHDFFXPXODWLYHXSWDNHRI
QLWURJHQ DQG SKRVSKRUXV LQ WKH V\VWHP ZDV VKRZQ LQ )LJ  7KH PD[LPXP XSWDNH RI QLWURJHQ DQG
SKRVSKRUXVUHDFKHGDWWKH13UDWLRRIFRQVLVWHQWWRWKHPD[LPXP\LHOG7KHXSWDNHRIQLWURJHQDQG
SKRVSKRUXVGLIIHUHGDWWKH13UDWLRRIDQGZKHUHDVWKH\VXSSRUWHGVLPLODUFHOO\LHOGV,QDGGLWLRQ
WKHUDWLRVRIXSWDNHRIQLWURJHQWRSKRVSKRUXVZHUHLGHQWLFDODWWKH13UDWLRRIDQGWKRXJKWKHLU
DEVROXWHXSWDNHZDVGLIIHUHQW
(IIHFWRIQLWURJHQFRQFHQWUDWLRQRQWKHJURZWKRI0DHUXJLQRVDDWGLIIHUHQW13UDWLRV*URZWKRI0
DHUXJLQRVDFRUUHODWHGWRWKH13UDWLRVZKHQLQLWLDOSKRVSKRUXVFRQFHQWUDWLRQZDVDURXQGPJO)LJ
7KHJURZWKOHYHOWHQGHGWRLQFUHDVHZLWKWKHLQFUHDVHRIQLWURJHQFRQFHQWUDWLRQZLWKLQWKH13UDWLRUDQJH
IURPWR7KHKLJKHVWPD[LPXPFHOO\LHOGDQGWKHORQJHVWH[SRQHQWLDOJURZWKRFFXUUHGDWWKH13
UDWLR RI ˈIROORZHG E\ WKDW DW WKH13 UDWLR RI  ,W LQGLFDWHG WKH GRPLQDQW QLWURJHQ HIIHFW RQ WKH
JURZWKZLWKDEXQGDQWSKRVSKRUXVVXSSO\,WVKRXOGEHQRWHGWKDWKLJK13UDWLRRIFRUUHVSRQGLQJWR
PJ1OVKRZHGDGYDQWDJHEXWQRWRSWLPXPWRWKHJURZWK

)LJ&RQVXPSWLRQRIQLWURJHQDQGSKRVSKRUXVE\0DHUXJLQRVDXQGHULQLWLDOQLWURJHQRIPJODWGLIIHUHQWUHVRXUFHUDWLRV%DUV
QXPEHUHGUHSUHVHQW  13RIDQGUHVSHFWLYHO\(PSW\EDUVUHSUHVHQWQLWURJHQFRQVXPSWLRQDQGILOOHG
EDUVUHSUHVHQWSKRVSKRUXVFRQVXPSWLRQ'DWDDUHWKHPHDQRILQGHSHQGHQWGXSOLFDWHV

7KHDFFXPXODWLYHXSWDNHRIQLWURJHQDQGSKRVSKRUXVRIJURXS%ZLWKLQGZDV VKRZQLQ)LJ7KH
XSWDNH RI QLWURJHQ ZDV FRQVLVWHQW ZLWK WKH 13 UDWLR LH WKH XSWDNH RI QLWURJHQ LQFUHDVHG ZLWK WKH
LQFUHDVH RI QLWURJHQ FRQFHQWUDWLRQ ,QWHUHVWLQJO\ WKH XSWDNH RI SKRVSKRUXV GLIIHUHG VOLJKWO\ DW WKH 13
UDWLRRIDQGDQGLWVKRZHGDIDLQWDGYDQWDJHDW WKHUDWLRRI,WVHHPHGWKDW WKHUHZDVQR
UHJXODUXSWDNHUDWLRRIQLWURJHQWRSKRVSKRUXV  
(IIHFWRI13UDWLRVRQJURZWKRI0DHUXJLQRVD  *URZWKRI0DHUXJLQRVDDWWKHVDPH13UDWLRVLQ
JURXS$ )LJ  DQG JURXS% )LJ ZDV FRPSDUHG7KH FRLQFLGHQW UHVXOWV LQGLFDWHG WKDW WKH KLJKHU
FRQFHQWUDWLRQRIQLWURJHQDQGSKRVSKRUXV VXSSOLHG WKHKLJKHUFHOO\LHOG UHDFKHG7KHFRPSDUDEOHKLJK
FHOO\LHOGV ZHUH UHDFKHG DW 13 UDWLRV RI  î PO LQ JURXS $ DQG DW 13 UDWLRV RI 
îPO LQJURXS%$QRWKHUQRWDEOHFHOO\LHOGRIîPOZDVUHDFKHGDW13UDWLRVRI
LQJURXS%IROORZHGE\WKHFHOO\LHOGRIîPOREWDLQHGDW13UDWLRVRILQJURXS%$OO
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WKHDERYHV\VWHPVZHUHFKDUDFWHUL]HGDVWKDWWKHSKRVSKRUXV 
FRQFHQWUDWLRQZDVKLJKHUWKDQPJO0HDQZKLOHWKHFHOO\LHOGFRUUHODWHGWRWKHKLJKFRQFHQWUDWLRQRI
QLWURJHQ ZLWKLQ D FRQFHQWUDWLRQ UDQJH IURP  PJ O WR  PJ O ,QWHUHVWLQJO\ ZKHQ QLWURJHQ
FRQFHQWUDWLRQZDVDVKLJKDVPJOWKHPD[LPXPFHOO\LHOGWHQGHGWRGHFUHDVH

)LJ7LPHFRXUVHVRI0DHUXJLQRVDXQGHULQLWLDOO\WKHVDPHSKRVSKRUXVRIPJODWGLIIHUHQWUHVRXUFHUDWLRV13RIƑ13
RIŶ13RIŸ13RIżDQG13RIƔ'DWDDUHWKHPHDQRILQGHSHQGHQWGXSOLFDWHV

)LJ  &RQVXPSWLRQ RI QLWURJHQ DQG SKRVSKRUXV RI0 DHUXJLQRVD XQGHU LQLWLDOO\ WKH VDPH SKRVSKRUXV RI PJ O DW GLIIHUHQW
UHVRXUFHUDWLRV%DUVQXPEHUHGUHSUHVHQW13RIDQG(PSW\EDUVUHSUHVHQWQLWURJHQFRQVXPSWLRQDQG
ILOOHGEDUVUHSUHVHQWSKRVSKRUXVFRQVXPSWLRQ'DWDDUHWKHPHDQRILQGHSHQGHQWGXSOLFDWHV
2139 Yumei Liu et al. /  Procedia Environmental Sciences  10 ( 2011 )  2134 – 2140 
'LVFXVVLRQ
&\QREDFWHULDEORRPFDQRFFXUDWPRGHUDWHHXWURSKLFFRQGLWLRQZKLOHZKHQYDVWQLWURJHQDQGSKRVSKRUXV
HOHPHQWLQSXWDZDWHUERG\LWDOZD\VUHVXOWVLQVHULRXVF\QREDFWHULDEORRPHJ0DHUXJLQRVDEORRP$W
VXFKVLWXDWLRQZKHWKHUWKHUHZHUH13UDWLRVVWLOOZRUNLQJUHPDLQVXQFOHDU,QWKLVSDSHUZHGHVLJQHG$
DQG % JURXSV RI WHVWV ZLWK VXSHUQXWULHQW *URXS $ ZLWK IL[HG DEXQGDQW QLWURJHQ LQLWLDOO\ SKRVSKRUXV
YDULHG IURP DEXQGDQW OHYHO  PJ O WR VXSHUDEXQGDQW OHYHO  PJ O 5HGILHOG UDWLR ZRUNHG
VLJQLILFDQWO\ LQ JURXS $ 13 UDWLR RI  E\ PROHV VWURQJO\ IDYRUHG WKH JURZWK:KLOH LQ JURXS %
SKRVSKRUXV HOHPHQW ZDV VXSHUDEXQGDQW LQLWLDOO\ DQG QLWURJHQ LQFUHDVHG IURP  PJ O WR
VXSHUDEXQGDQWPJO ,QJURXS%13UDWLRRIZDVRSWLPXPIRUJURZWK6PLWKSURSRVHG WKDW
EORRPIRUPLQJF\DQREDFWHULDKDGD WHQGHQF\ WRGRPLQDWH WKH ODNHZKHQ WKH13UDWLRZDV OHVV WKDQ
E\PDVVDQGWKHUHODWLYHSURSRUWLRQRIF\DQREDFWHULDWRWKHWRWDODOJDOELRPDVVPLJKWGHFUHDVHZKHQWKH
13 UDWLR H[FHHGHG >@7KHUHIRUH HLWKHU RSWLPXP UDWLR LQ JURXS$RU WKDW LQ JURXS% IHOO LQWR
6PLWK UDWLR UDQJH 3DHUO SRLQWHG RXW WKDW 6PLWK UXOH LV DSSOLFDEOH LQ WURSLFDO IUHVKZDWHU V\VWHPVZLWK
H[FHSWLRQWRWKRVHKDYLQJODUJHDPRXQWRIERWKQLWURJHQDQGSKRVSKRUXV>@2XUODERUDWRU\GDWDDERXW
VHPLFRQWLQXRXVFXOWXUHVRI0DHUXJLQRVDLQGLFDWHGKLJKFRQFHQWUDWLRQRIQLWURJHQDQGSKRVSKRUXVPD\
QRWDIIHFWWKHUROHVRI6PLWKUDWLR
/RZ13UDWLRVZHUHVKRZQWREHIDYRUDEOHWRF\DQREDFWHULDHVSHFLDOO\WR0DHUXJLQRVD>@+HUHLQ
WKH UDWLRV ZRUNHG GLIIHUHQWO\ IRU WZR WHVW JURXSV ,Q JURXS$ ORZ13 UDWLR UHSUHVHQWV UHODWLYHO\ KLJK
SKRVSKRUXVXQGHUWKHFRQGLWLRQRIDEXQGDQWQLWURJHQDQGDSKRVSKRUXVOLPLWDWLRQOLNHWUHQGZDVVKRZQ
ZLWKLQWKHUDQJHRISKRVSKRUXVFRQFHQWUDWLRQZKLFKZDVKLJKHUWKDQXVXDOQDWXUDOFRQFHQWUDWLRQ:KLOHLQ
JURXS % KLJK 13 UDWLR UHSUHVHQWV KLJK QLWURJHQ ZLWK WKH FRQGLWLRQ RI DEXQGDQW SKRVSKRUXV DQG D
QLWURJHQOLPLWDWLRQOLNHWUHQGZDVVKRZQZLWKLQWKHUDQJHRIQLWURJHQFRQFHQWUDWLRQ,QERWKJURXSVKLJK
DEVROXWHFRQFHQWUDWLRQRIQLWURJHQDQGSKRVSKRUXVZLWKLQDFRQFHQWUDWLRQUDQJHIDYRUHGKLJKPD[LPXP
ELRPDVV'RZLQJ DQG0DF&DXOH\ H[DPLQHG WKH SXEOLVKHG GLYHUJHQW13 UDWLRV RI ODNHV UDQJLQJ IURP
KLJKVRIWRDERYHDQGORZVRIWRXQGHUDQGIRXQGWKDWQLWURJHQOLPLWDWLRQLVVLJQLILFDQWERWK
LQODNHVRIORZ7173E\PDVVDQGLQODNHVZLWK73!PJO>@2XUWHVWVZHUHQRWTXLWH
FRQVLVWHQWZLWKWKLVDQGLQGLFDWHGWKHGLIIHUHQWHIIHFWRIQLWURJHQDQGSKRVSKRUXVZLWKLQGLIIHUHQW1DQG3
UDQJH 
5HVHDUFK RQ0 DHUXJLQRVD FROOHFWHG IURP /DJXQD GH %D\ KDV VKRZQ WKDW WKH QXWULHQW OHYHO IRU LWV
VDWXUDWHGJURZWK\LHOGZDVPJOíRI1DQGPJOíRI3UHVSHFWLYHO\>@'DWDVKRZQLQRXU
UHVHDUFKLQGLFDWHGDKLJKHUQXWULHQWOHYHOIRUVDWXUDWHGJURZWK\LHOGRI0DHUXJLQRVD,WVKRXOGEHQRWHG
WKDWVXFKFRPSDULVRQZDVPDGHZKHQERWKRIWKHQXWULHQWHOHPHQWVZHUHGLIIHUHQW7KXV WKHGLIIHUHQFH
VKRZQ LQ WKHVH VWXGLHV LQGLFDWHG WKH FRRSHUDWLRQRI QLWURJHQ DQGSKRVSKRUXV$QG13 UDWLR FRXOGQRW
ZRUN LQGHSHQGHQWO\ $V VKRZQ LQ RXU UHVXOWV ZKHQ DW WKH VDPH13 UDWLR WKH JURZWK \LHOGV GLIIHUHG
VLJQLILFDQWO\ 
1LWURJHQDQGSKRVSKRUXVDUHPDMRUOLPLWLQJQXWULHQWVIRUF\DQREDFWHULDDQGRWKHUDOJDH1LWURJHQLV WKH
NH\ QXWULHQW IRU SURWHLQ V\QWKHVLV DQGSKRVSKRUXV LV IRU'1$51$ DQG HQHUJ\ WUDQVIHU7KRXJK WKH
SURSRUWLRQ RI WKH XSWDNH RI QLWURJHQ DQG SKRVSKRUXV ZDV WKRXJKW WR EH UDWLRQDO WKH PHFKDQLVP ZDV
XQFOHDU,QRXUVWXG\WKHUHZDVQRHYLGHQWSURSRUWLRQEHWZHHQWKHXSWDNHRIQLWURJHQDQGSKRVSKRUXVIRU
GLIIHUHQWELRPDVV7KHDFFXPXODWLYHXSWDNHRIQXWULHQWVDQGWKHPD[LPXPFHOO\LHOGDWGLIIHUHQWQXWULHQWV
UDWLRZHUHQRWDOZD\VFRUUHODWHGUHJXODUO\H[FHSWWKDWWKHRSWLPXP13UDWLRRIEHQHILWHGERWKJURZWK
DQGWKHXSWDNHRIQXWULHQWV5HFHQWO\WKHDYHUDJH&136DWRPLFUDWLRRIIRUWKH
SK\WRSODQNWRQVSHFLHVZDVREWDLQHG>@7KRXJKVOLJKWO\GLYHUJHQWIURP5HGILHOGUDWLRRI
 LW LQGLFDWHGDFDQRQLFDO13UDWLRIRUSK\WRSODQNWRQSUHVHQWDW WKHLGHQWLFDOJURZWKFRQGLWLRQ7KXV
WKHUH¶VDRSWLPXP13UDWLRIDYRUHGWKHQXWULHQWXSWDNHDQGWKHJURZWKRISK\WRSODQNWRQDWWKHVSHFLILF
JURZWKFRQGLWLRQ+RZHYHUWKHUHUHPDLQHGPXFKWREHVSHFXODWHGDERXWWKHPROHFXODUPHFKDQLVPRIWKH
QXWULHQWVUDWLRIRUSK\WRSODQNWRQ
2140   Yumei Liu et al. /  Procedia Environmental Sciences  10 ( 2011 )  2134 – 2140 

&RQFOXVLRQ
*URZWK RI 0 DHUXJLQRVD XQGHU H[FHVVLYH QXWULHQWV FRQGLWLRQV FRUUHODWHG ZLWK WKH FRQFHQWUDWLRQ RI
QLWURJHQSKRVSKRUXVDQGWKH13UDWLR7KHHIIHFWRI13UDWLRGHSHQGHGRQWKHFRQFHQWUDWLRQRIQLWURJHQ
DQGSKRVSKRUXV 
:KHQDEXQGDQWQLWURJHQVXSSOLHGDWPJOWKHPD[LPXPFHOO\LHOGDQGWKHORQJHVWH[SRQHQWLDO
JURZWKRFFXUUHGDWWKH13UDWLRRI$QGDWWKLVUDWLRWKHPD[LPXPXSWDNHRIQLWURJHQDQGSKRVSKRUXV
ZDVUHDFKHG 
:KHQ DEXQGDQW SKRVSKRUXV VXSSOLHG DURXQG  PJ O WKH PD[LPXP FHOO \LHOG DQG WKH ORQJHVW
H[SRQHQWLDO JURZWK RFFXUUHG DW WKH13 UDWLR RI 7KLV UDWLR DOVR IDYRUHG WKH XSWDNH RI SKRVSKRUXV
ZKLOHWKHXSWDNHRIQLWURJHQLQFUHDVHGZLWKWKHLQFUHDVHRIQLWURJHQFRQFHQWUDWLRQ 
$FNQRZOHGJPHQWV
7KLV UHVHDUFK ZDV VXSSRUWHG E\ 1DWLRQDO0DMRU 3URMHFWV RQ &RQWURO DQG0DQDJHPHQW RI:DWHU %RG\
3ROOXWLRQ*UDQW1R=;	=;
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